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© Method for driving a plasma display panel. 

© In a method for driving a plasma display panel, 
one field time is divided to a plurality of sub-field 
times having different light emitting times each oth- 
er. At least one of the sub-field time is longer than 
others to have a light emitting time longer than the 



other sub-field times. In each s.ub-field time, a state 
is selected from a light emission state and a non- 
light emission state to provide a predetermined gra- 
dation of an image to be displayed without decreas- 
ing light efficiency. 
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© Method for driving a plasma display panel. 

© In a method for driving a plasma display panel, one field time is divided to a plurality of sub-field times 
having different light emitting times each other. At. least one of the sub-field time is longer than others to have a 
light emitting time longer than the other sub-field times. In each sub-field time, a state is selected from a light 
emission state and a non-light emission state to provide a predetermined gradation of an image to be displayed 
without decreasing light efficiency. 
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FIELD OF THE INVENTION 

This invention relates to a method for driving a plasma display panel, and more particularly to, a 
method for driving an AD plasma display panel of dot matrix type used for personal computers, 
workstations, wall hanging type televisions which are under development, etc. 

BACKGROUND OF THE INVENTION 

An AC plasma display panel of dot matrix type includes a plurality of row electrodes disposed in 
parallel each other and a plurality of column electrodes disposed in parallel each other to form a matrix with 
the row electrodes. In the matrix, a plurality of discharge spaces each corresponding to a pixel are formed. 
A plurality of the row and column electrodes cross each other in a right angle. Each crossing point forms a 
pixel. The row electrodes are composed of two groups, one is that of scanning electrodes and the other is 
that of common electrodes. 

In operation, the common electrodes are supplied with maintaining pulses periodically for maintaining 
discharge in the pixels, respectively. On the other hand, the scanning electrodes are supplied with 
maintaining pulses periodically in the same timing but different timing with the maintaining pulses, 
respectively. Each of the scanning electrodes is also supplied with a scanning pulse and an extinguishing 
pulse in some timing which comes in turn. The column electrodes are supplied with data pulses of positive 
in accordance with light emission data in the same timing as the scanning pulses supplied to the scanning 
electrodes. One field for displaying one frame is divided to a plurality of sub-fields, and light emission time 
by discharge in each sub-field is controlled to display gradation of brightness of the pixels. If one field is 
divided to six sub-fields, gradation of brightness of the pixels becomes 2 6 = 64 grades. The gradation of 
64 grades in each pixel can be realized by selecting one state from tight emission and non-light emission in 
each sub-field. This conventional method is discribed on pages 13 to 18 of "The technical report of the 
television institute" published on November 22, 1984. 

According to the conventional method for driving a plasma display panel, however, there is a 
disadvantage in that light emission efficiency of pixels is relatively low, because no light emission times are 
long compared with light emission times in one field. It is supposed that one field is divided to six sub-fields 
each having equal sub-field time T s , and the six sub-fields have different light emission times of T, T/2, T/4, 
T/8, T/16 and T/32, respectively. If the first emission time T is equal to the sub-field time T s , the maximum 
light emission efficiency becomes (1 +1/2 + 1/4+ 1/8+ 1/16 + 1/32)T/6T S = 0.328, that is 32.8 %. Therefore, 
remaining time which is 67.2 % of the whole field time is consumed idly. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the invention to provide a method for driving a plasma display panel in 
which light emission efficiency is improved without increasing a frequency of maintaining pulses. 

According to a feature of the invention, a method for driving a plasma display panel comprises the 
steps of: 

dividing a field time to a plurality of sub-field times each having a different light emitting time from 
-others, at least one of the sub-field times being longer than .others to have a light emitting time longer than 
the others; 

selecting a condition from light emitting and non-light emitting conditions at each light emitting time of 
each sub-field time to provide a predetermined gradation to an image to be displayed; and 

scanning one field by supplying scanning pulses to a plurality of scanning electrodes in accordance 
with the condition selected by the predetermined gradation. 

BRIEF'DESCRIPTION OF THE'DRAWINGS 

The invention will be explained in more detail in conjunction with appended drawings wherein: 
Fig. 1 is a fragmentary plan view illustrating a plasma display panel; 
Fig. 2 is a fragmentary cross-sectional view taken on line A-A' of Fig. 1 ; 

Fig. 3 is an explanatory plan view illustrating arrangement of electrodes of the plasma display panel; 
Fig. 4 is a timing chart of signals in a conventional method for driving a plasma display panel; 
Fig. 5 is a timing chart of light emission in the conventional method for driving a plasma display panel; 
Fig. 6 is a timing chart of light emission in a method for driving a plasma display panel in a first 
preferred embodiment according to the invention; 
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Fig. 7 is a timing chart of light emission in a method for driving a plasma display panel in a second 
preferred embodiment according to the invention; 

Fig. 8 is a timing chart of signals in the method for driving a plasma display panel in a third preferred 
embodiment according to the invention; 
5 Fig. 9 is an explanatory plan view illustrating arrangement of electrodes of a plasma display panel of 
opposite electrode type; and 

Fig. 10 is a timing chart of signals in the plasma display panel of opposite electrode type. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

70 

Before describing a method for driving a plasma display panel in preferred embodiments according to 
the invention, the conventional method for driving a plasma display panel described before will be 
explained. 

Figs. 1 and 2 show a conventional AC plasma display panel of dot matrix type. The plasma display 

75 panel includes first and second insulating substrates 1 and 2 supported in parallel by a spacer 10 with a 
predetermined distance, a plurality of row electrodes 3 disposed in parallel each other on the first insulating 
substrate 1 , a plurality of column electrodes 4 disposed in parallel each other to form a matrix with the row 
electrodes 3, insulating layers 5 and 6 respectively covering the row and column electrodes 3 and 4 of the 
first and second insulating substrates 1 and 2, a protecting layer 5 covering the insulating layer 5 of the first 

20 insulating substrate 1 , and a fluorescent layer 9 provided on the insulating layer 6 of the second insulating 
substrate 2. A plurality of discharge spaces 8 each corresponding to a pixel 10 are formed. 

Fig. 3 shows arrangement of electrodes of the plasma display panel. A plurality of the row and column 
electrodes cross each other in a right angle. Each crossing point forms a pixel 1 1 . The row electrodes 3 are 
composed of two groups, one is that of scanning electrodes Si to S m and the other is that of common 

25 electrodes Ci to C m+ 1 . The matrix region is sealed by a sealing region 12. 

Fig. 4 shows a timing chart of signals in a conventional method for driving a plasma display panel. The 
common electrodes Ci to C m+ } are supplied with maintaining pulses A periodically for maintaining 
discharge in the pixels 11, respectively. On the other hand, the scanning electrodes Si to S m are supplied 
with maintaining pulses B periodically in the same timing but different timing of the maintaining pulses A 

30 supplied to the common electrodes C i to C m + i , respectively. Each of the scanning electrodes Si to S m 
is also supplied with a scanning pulse and an extinguishing pulse in different timings which comes in turn. 
The column electrodes Di to D n are supplied with data pulses of positive in accordance with light emission 
data in the same timing as the scanning pulses supplied to the scanning electrodes Si to S m . In order to 
make a fight emission of a pixel (Si . Di ) which is positioned on a crossing point of the scanning and 

35 column electrodes S 1 and D i , a data pulse of positive is supplied to the column electrode Di 
synchronized with a scanning pulse supplied to the scanning electrode S i. shown as (e) of Fig. 4. 
Accordingly, a discharge occurs in the pixel (S i . Di ) to make a light emission, shown as (f) of Fig. 4. This 
light emission is maintained by supplying the maintaining pulses A and B periodically to the scanning and 
column electrodes S 1 and D 1 . however, the light emission terminates when an extinguishing pulse having 

40 a narrow width and a low voltage is supplied to the scanning electrode S 1. In the same manner, light 
emission operations of every pixels of the plasma display panel are carried out. 

Fig. 5 shows timing of light emission in the, conventional method for driving a pjasrna display panel. 
One field for displaying one frame is divided to a plurality of sub-fields, and light emission time of each sub- 
field is controlled to display an image with gradation of brightness. In Fig. 5, one field is divided to six sub- 

45 fields each having equal time T S1 and gradation of brightness becomes 2 6 = 64 grades. The sub-fields 
have different light emission times of T, T/2, T/4, T/8, T/16 and T/32, respectively. The gradation of 64 
grades can be realized by selecting one state from light emission and non-light emission in each sub-field. 
Next, a method for driving a plasma display panel in a first preferred embodiment will be explained. In 

— — Fig-6rone fieldHs-dtvided-to six-sub-fieldSrand-each-of-the-second-to-sixth sub-fields-has-equal-time--Ts (=- 

50 2.38 ms), however, the first sub-field has time 2 T s . In this case, the number of scanning electrodes is 480, 
one field time is 1/60 sec. and gradation number is 2 6 = 64. The sub-fields have different light emission 
times of T\ T72, T74, T78. T716 and T732. If the first emission time T' is equal to 2 T s , the maximum light 
emission efficiency becomes (1+1/2 + 1/4+1/8 + 1/16 + 1/32) T77 T s = 0.563, that is 56.3 %, so that the 
emission efficiency becomes approximately twice as that of the conventional method shown in Fig. 5. 

55 Next, a method for driving a plasma display panel in a second preferred embodiment will be explained. 
In Fig. 7, one field is divided to six sub-fields, and each of the third to sixth sub-fields has equal time T' s ( - 
1 .67 ms), however, the first sub-field has time 4 T s ' and the second sub-field has time 2Tj* . The sub-fields 
have different light emission times of T", T'72, T n /4, T*78, T'716 and T'732, respectively. If the first 



3 



EP 0 488 326 A2 



emission time T" is equal to 4T S ' , the maximum light emission efficiency becomes 
(1 + 1/2 + 1/4 + 1/8+ 1/16 + 1/32)T"/10T S ' = 0.788, that is 78.8 %, so that the emission efficiency becomes 
more improved compared with that in the first preferred embodiment shown in Fig. 6. 

In this embodiment, however, the scanning time during which all of the scanning electrodes are 

5 scanned becomes relatively short. If one field time is 1/60 sec, the scanning time which is approximately 
equal to T s ' becomes 1. 67 ms, compared with 2. 78 ms in the conventional method shown in Fig. 5. 
Therefore, the intervals of the scanning pulses as well as those of the maintaining pulses should be short. 
However, if the intervals of the maintaining pulses become short and the frequency thereof becomes high, 
the light emission efficiency may decrease, or power consumption having no contribution to light emission 

w may increase, because currents for charging and discharging electrostatic capacity of the panel increase in 
proportion to the frequency of the maintaining pulses. Further, the pulse width of the scanning and 
maintaining pulses becomes narrow to cause instability of the discharge if the frequency of the maintaining 
pulses increases. 

Fig. 8 shows timing of signals in a method for driving a plasma display panel in a third preferred 
75 embodiment according to the invention. In this embodiment, scanning electrodes S i to S m are divided to a 
plurality of groups. Bach group includes several scanning electrodes, though Fig. 8 shows a case of three 
electrodes. Each of the scanning electrodes S 1 to S 3 is supplied with a scanning pulse in turn at a 
different timing with the two others between the same interval of two maintaining pulses, then is supplied 
with an extinguishing pulse at the same timing with the two others. Each of the scanning electrodes S * to S 
20 s is also supplied with a scanning pulse and an extinguishing pulse, as shown in Fig. 8. In this case, the 
frequency of the maintaining pulses is sufficient to be one third of that in case of the conventional method. 
In addition, the pulse width of the maintaining and scanning pulses can be large. In Fig. 8, the pulse width 
of the maintaining pulses A and B is 1 .5 micro seconds, and the pulse width of the scanning pulse is 2.5 
micro seconds. Data pulses are supplied to a column electrode D j synchronized with each scanning pulse 
25 supplied to each scanning electrode. 

Table 1 shows frequencies of the pulses, the time using ratio, and the relative brightness in the 
conventional method and the methods in the first and second preferred embodiments, respectively. 



Table 1 

30 





FREQUENCY 


EFFICIENCY 


BRIGHT 


CONVENTIONAL METHOD 


1 


32.8% 


32.8 


EXEMPLIFIED METHOD 1 


7/6 = 1.17 


56.3% 


65.9 


EXEMPLIFIED METHOD 2 


(7/6)/2 = 0.583 


56.3% 


32.8 


EXEMPLIFIED METHOD 3 


<10/6)/3 = 0.556 


78.8% 


43.8 


EXEMPLIFIED METHOD 4 


<10/6)/2 = 0.833 


78.8% 


65.6 



Where, "FREQUENCY" represents the frequency of the maintaining pulses, "EFFICIENCY" represents 
the time using efficiency corresponding to a ratio of the maximum light emission time in one field time, and 
"BRIGHT" represents the relative brightness. "EXEMPLIFIED METHOD 1" represents the first preferred 
embodiment. "EXEMPLIFIED METHOD 2" represents combination of the first and third preferred embodi- 
ments in which the scanning electrodes are divided to pairs each of which is supplied with two scanning 
pulses in turn in the same interval between two maintaining pulses, "EXEMPLIFIED METHOD 3" represents 
combination of the second and third preferred embodiments in which the scanning electrodes are divided to 
pairs e ach o f which is sup plied with th r ee sca nning p ulses in turn in the sam e int erval between two 
maintaining pulses, and "EXEMPLIFIED METHOD 4" represents combination of the second and third 
preferred embodiments in which the scanning electrodes are divided to pairs each of which is supplied with 
two scanning pulses in turn in the same interval between two maintaining pulses. 

As understood by Table 1, the driving frequency becomes 1.17 times of that in the conventional method 
and the brightness becomes twice thereof in EXEMPLIFIED METHOD 1. In EXEMPLIFIED METHOD 2, the 
brightness remains equal to that in the conventional method, however, the frequency of the maintaining 
pulses becomes half of that in the conventional method, so that the power consumption required for 
charging and discharging of electrostatic capacity of the panel becomes haif thereof. In EXEMPLIFIED 
METHOD 3. the frequency of the maintaining pulses becomes half of that in the conventional method, and 
moreover, the brightness is improved as compared with that in the conventional method. In EXEMPLIFIED 
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METHOD 4, the frequency of the maintaining pulses becomes 0.8 times of that in the conventional method, 
and the brightness becomes twice thereof. 

As explained above, the method can be used for driving a plasma display panel as shown in Figs. 1 to 
3, however, the method can be also used for driving a plasma display panel of opposite electrode type in 
5 which row electrodes have only scanning electrodes as shown in Fig. 9. Fig. 10 shows timing of signals in 
the plasma display panel of opposite electrode type. The timings of the signals are the same as those in 
Fig. 8. 

This method may be adopted in a so called dividing driving method in which scanning electrodes are 
divided to two groups such that the scanning electrodes are alternately led out from opposed ends of the 
to panel and column electrodes are divided to two groups such that all column electrodes are separated at 
central region of the panel so as to be led out from opposed ends of the panel, respectively. In addition, this 
method may be adopted in a so called interlace method in which one frame consists of two fields. 

Although the invention has been described with respect to specific embodiment for complete and clear 
disclosure, the appended claims are not to thus limited and alternative constructions that may occur to one 
75 skilled in the art which fairly fall within the basic teaching herein set forth. 

Claims 

1. A method for driving a plasma display panel, comprising the steps of: 

20 dividing a field time to a plurality of sub-field times each having a different light emitting time from 

others, at least one of said sub-field times being longer than others to have a light emitting time longer 
than said others; 

selecting a condition from light emitting and non-light emitting conditions at each light emitting time 
of each sub-field time to provide a predetermined gradation to an image to be displayed; and 
25 scanning one field by supplying scanning pulses to a plurality of scanning electrodes in accor- 

dance with said condition selected by said predetermined gradation. 

2. A method for driving a plasma display panel, according to claim 1, wherein: 

said dividing step comprises dividing a field time to a plurality of sub-field times in which the first 
30 sub-field time has the longest time period to provide the longest light emitting time being twice as long 
as other sub-field times. 

3. A method for driving a plasma display panel, according to claim 1, wherein: 

said dividing step comprises dividing a field time to a plurality of sub-field times in which the first 
35 and second sub-field times have the first and second longest time periods to provide the first and 
second longest light emitting times being four and two times as long as other sub-field times, 
respectively. 

4. A method for driving a plasma display panel, according to claim 1, further comprising the steps of: 

40 supplying a number (n) of scanning pulses to said number (n) of scanning electrodes at different 

timings in an interval of maintaining pulses, said maintaining pulses being supplied to said scanning 
electrodes with a predetermined time interval, each scanning pulse being supplied to each scanning 
electrode, respectively; and 

supplying said number (n) of extinguishing pulses to said number (n) of said scanning electrodes at 

45 the same timing in an interval of said maintaining pulses, said extinguishing pulses being supplied to 
cease light emission. 
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FIG. 6 
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